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Abstract 
Tin sulphide (SnS) has the potential to be used as a low-cost absorber material for applications in thin film 
photovoltaic solar cells. In this work thin films of SnS were deposited by thermal evaporation onto glass substrates 
and the substrate temperature varied to alter the physical and chemical properties of the layers deposited. The 
variations of the grain size, texture coefficient, and dislocation density with the deposition conditions are reported in 
detail. The SnS layers deposited were free from pinholes, slightly tin-rich, consisted of large densely packed leaf-like 
grains, up to 6µm  in diameter and preferential (040) orientation.  
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1. Introduction 
Tin sulphide is a IV-VI compound which usually grows with the orthorhombic crystal structure. At 
present it is mainly of interest for application as an absorber layer material in thin film solar cell devices 
[1, 2]. This is because SnS has a near optimum direct energy bandgap for photovoltaic solar energy 
conversion (1.35 eV) and a high optical absorption coefficient for photons with energies greater than the 
energy bandgap such that only a few microns of SnS are needed to absorb most of the incident light. 
Furthermore both Sn and S are highly abundant and non-toxic elements, which are two fundamental 
requirements for the very large scale manufacture of solar panels needed in the future if photovoltaics is 
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to contribute to satisfying the very large energy needs of the world.  Layers of SnS are usually p-
conductivity type with the electrical conductivity controlled using extrinsic dopants such as Al, Ag, Cl 
and Cu [3, 4]. As SnS can also be doped n-type it is also likely that counter-doping or oxidising SnS at 
the grain boundaries will lead to effective grain boundary passivation. To date SnS layers have been made 
using a range of methods including thermal evaporation, spray pyrolysis, chemical bath deposition and 
electrodeposition [5-8]. Solar cells have also been made using the SnS layers, usually using CdS as the 
n-type partner layer and efficiencies up to 2% have been observed in the best devices [1, 9]. In this work, 
we have tried to improve the properties of the SnS as a step toward producing more efficient devices. 
2. Experimental details 
The thermal evaporations were carried out using an oil pumped vacuum system operated in the range 
of 10-5 to 10-6 Torr. The source material was obtained from Testbourne Company with a purity of  
99.999%. A quartz bottle-shaped crucible served as the evaporation source and was heated by a 
cylindrical tantalum heating element supplied by the R.D. Mathias Company. The SnS granules were 
ground into a fine powder and then poured into the crucible. Spattering (the ejection of molten lumps of 
evaporant) was eliminated by placing quartz wool at the mouth of the crucible. The substrates used were 
soda lime glass slides. Prior to the depositions, the glass slides were cleaned in an ultrasonic bath 
containing a mixture of Decon 90 and de-ionised water solution for 45 minutes. After a thorough rinse 
with de-ionised water, the substrates were washed in propan-2-ol (IPA) to remove any remaining 
contamination and were then dried. The temperatures were measured by thermocouples in direct contact 
with the crucible and the substrate respectively. The deposition time was controlled by a shutter placed 
between the evaporation source and the substrate. A Siemens D500 X-ray diffractometer (XRD) with a 
CuKα radiation source (λ = 1.5406Ǻ) was used to determine the phases present and the crystal structure of 
each phase. The XRD measurements were conducted with the 2θ varying from 10 to 90 in steps of 
0.02. Investigations on the surface topology and topography were carried out using an FEI Quanta 200 
FE-SEM (Field Emission Scanning Electron Microscope).  The elemental composition of the films was 
determined using energy dispersive analysis of X-rays (EDAX) with the Oxford Instrument energy 
analyser system attached to the SEM. The electrical conductivity type was determined using the hot-probe 
method. 
3. Results and discussions 
All the deposited SnS films were bluish-black in colour, free from pinholes and strongly adhered to the 
substrate surface. Figure 1 shows the SEM pictures of SnS films deposited at different substrate 
temperatures, which exhibit leaf-like grains that are densely packed. The SEM micrographs indicate a 
progressive increase in the grain size with increasing substrate temperature. This is attributed to the 
higher substrate temperature leading to a higher surface mobility, thus allowing the film to decrease its 
total energy by growing larger grains thereby decreasing its grain boundary area [6].  The evaluated grain 
size as measured using the SEM varied in the range, 2-6 µm.  Hot probe measurements showed that all 
the films grown in this work were p-conductivity type. 
 
Figure 2 shows the EDAX spectrum of a typical SnS film formed at a substrate temperature of 350C. 
The EDAX compositional analysis showed that the atomic ratio of Sn/S always lies between 1.13 - 1.24, 
indicating that all the layers were tin-rich. Similar behaviour has also been reported by other researchers 
[10]. The behaviour is attributed to the vapour pressure of S increasing with temperature faster than that 
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of Sn. Figure 3 shows the variation of Sn/S atomic ratio with increasing substrate temperature. The 
variation is almost linear. It follows that at higher substrate temperatures, the films become more sulphur 
deficient and increasingly tin-rich.  
 
   
 
   
Fig. 1. SEM pictures of SnS layers deposited at different substrate temperatures (a) 300C; (b) 322C; (c) 335C; (d) 
350C.  
 
 
Fig. 2. EDAX spectra of SnS films grown at a substrate temperature of 350 ºC. 
b a 
c d 
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Fig. 3. Variation of Sn/S ratio with substrate temperature. 
Figure 4 shows the X-ray diffraction spectra of SnS films deposited at various substrate temperatures. 
The sharp structural peaks clearly indicate the good crystallinity of the films. The FWHM obtained from 
XRD profiles decreased with increasing substrate temperature, lying between 6.04x10-3 and 1.72x10-3 
radians. The reflections observed can mostly be attributed to reflections from the planes of SnS. The 
reflection from the (040) plane is the most pronounced, its intensity decreasing at 322 C and then 
increasing with increase of substrate temperature. The diffraction peaks gets more intense and sharp with 
increasing substrate temperature. This is also observed for the other diffraction peaks, e.g. the reflections 
from the (111), (131) and (021) planes, showing that films with better crystallinity and higher grain size 
are produced using higher growth temperatures.  
 
 
Fig. 4. XRD spectra of SnS layers deposited at different substrate temperatures. 
The average crystallite size (D) in the films can be calculated from the full width at half maximum 
(FWHM) of the diffraction profile along the dominant peak using Scherrer’s formula [11]: 
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

Cos 
kL     ,                                                                           (1) 
where k is a constant (0.94), β is the FWHM value, λ is the wavelength of CuKα radiation source (λ = 
1.5406 Ǻ) and θ is the Bragg angle. Figure 5 shows the variation of the calculated crystallite size with 
substrate temperature. Similar observations of an increase in crystallite size with increasing substrate 
temperature have been reported by several authors [12, 13]. 
 
 
Fig. 5. Variation of crystallite size (µm) and texture coefficient (Tc(hkl)) with substrate temperature. 
In polycrystalline materials, the texture coefficient (TC) is used to determine the preferential 
orientation of crystals from X-ray diffraction results. The texture coefficient can be calculated using the 
following relation [14, 15]: 
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TC(hkl) is the texture coefficient along the (hkl) plane, I(hkl) is the intensity measured for the (hkl) plane, 
Io(hkl) is the maximum intensity for a single crystal, taken from PDF data card that fits the X-ray 
diffraction pattern of the material, n is the diffraction peak number and N is the total number of 
reflections observed. Figure 5 shows how the calculated texture coefficient varied with substrate 
temperature. The behaviour observed shows that the coefficient initially increases slowly with substrate 
temperature up to 322 ºC and then steeply with a further increase in temperature. The number of 
crystallites per unit area for  the films can be deduced using the relation [6, 14]: 
areaunit
D
t
C
3
  ,                                                                  (3) 
where D is the crystallite size and t is the film thickness. As expected, the value of C decreased with 
increasing substrate temperature because of better crystallinity in the films formed at higher temperature. 
It follows that, as the grain size increases, the number of crystallites per unit area also decreases for 
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increasing substrate temperature. Figure 6 shows how the number of crystallites/unit area varies with 
temperature in this work. Similar behaviour has been observed by others [16, 17]. The dislocation density 
δ gives a measure of the degree of defects in the film and can be calculated using the following relation: 
2
1
D
                                                                         (4) 
The dislocation density is estimated to be 2.210-2 nm-2 (2.21012 cm-2) at 350 ºC, which is a relatively 
small value, indicating that the grown layers consists of densely packed structure with minimum defects. 
Figure 7 gives the variation of  with substrate temperature. The plot clearly indicates that  decreases 
with an increase in substrate temperature. 
 
 
Fig. 6. Variation of number of crystallites with substrate temperature. 
 
Fig. 7. Variation of dislocation density δ (nm-2) with substrate temperature (C). 
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4. Conclusion 
Large grain, single phase p-type conductivity SnS thin films were grown by the thermal evaporation 
method using substrate temperatures in the range 300-350 ºC. EDAX spectra showed that the films were 
tin-rich, hot probe studies that the films were p-conductivity type, and the XRD data that highly 
crystalline layers of SnS were formed. Estimations of the crystallites size and the number of crystallites/ 
unit area indicated an increase of the former and decrease of the latter of these two parameters with 
increasing substrate temperature. The small values of the dislocation density, coupled with the sharp 
decrease in dislocation density with increasing substrate temperature, also confirm the good crystallinity 
of the films produced. Work is in progress to assess the potential use of these layers in solar cell devices. 
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